Abstract The biological process of aging encompasses a multitude of complex physiological and lifestyle changes that may alter the way typical prognostic factors affect survival among older ependymoma patients. Because very little is known about the clinical significance of traditional prognostic factors and the magnitude of their effects among older individuals, the purpose of this study was to evaluate the associations between survival and demographic and tumor characteristics among patients with ependymoma who were 60 years of age or older. Using the 1973-2007 dataset from the Surveillance, Epidemiology and End Results (SEER) program, we evaluated the impact of several factors on both overall and ependymoma-specific survival, utilizing multivariable Cox proportional hazards regression. We identified 367 ependymoma cases who were 60 years of age or older at diagnosis and had complete data from SEER. Of these, 19 (5.2%) had anaplastic tumors; all others were low-grade tumors. Age, tumor site, extent of surgery, and tumor histology were found to be significant predictors of ependymoma prognosis. The strongest predictor of poor outcome was supratentorial tumor location (adjusted HR: 6.94,08, compared to spinal cord tumors). Our study suggests that tumor location, tumor histology, and surgical margin may be key predictors of survival among older ependymoma patients. We believe our study is one of the first to assess the prognostic value of these factors for ependymoma survival exclusively in an older patient population.
Introduction
Cancer has long been considered a disease of aging and not surprisingly, the only known risk factor common to virtually all types of cancer is increasing (or older) age [1, 2] . Several factors likely contribute to the association between age and risk of cancer development, including age-related immune decline and reduction in DNA repair capacity [1, 3] . Consequently, well over half of all incident cancers are diagnosed among individuals over 60 years old, who comprised an estimated 18% of the U.S. population as of 2008 [4] [5] [6] . Moreover, the proportion of older adults in the U.S. population is expected to continue increasing dramatically over the course of the next two decades [2] . Thus, the majority of cancer survivors are (and will continue to be) older adults, and yet, relatively few studies have attempted to identify predictors of cancer survival specifically among this subpopulation, especially for rare cancers.
One such rare cancer for which there is an incomplete understanding of key prognostic factors is ependymoma. Ependymomas are primary neoplasms of the central nervous system (CNS) that constitute about 3-5% of adult intracranial gliomas [7] . The annual incidence of ependymoma is approximately 2-4 new cases/million, but the incidence varies greatly by age, with a peak around age 55 among adults [8, 9] . Previous studies, many of which are based on small study populations that combine pediatric and adult ependymoma cases, have been unsuccessful in establishing the importance of traditional prognostic factors, such as demographic characteristics and tumor histology, on patient survival [7, 8, 10] . Although some evidence supports the hypothesis that ependymoma mortality risk may be much higher among the youngest and oldest patients [8, [11] [12] [13] , few studies, if any, have endeavored to determine which factors may be driving this increased risk among the oldest subset of patients.
In the context of the plethora of biological processes involved in aging, the impact of traditional prognostic factors and therapies may differ. Age is essentially a surrogate measure that encompasses an extremely wide range of physiological and environmental effects, from changes at the cellular level to issues related to access to healthcare and psychosocial development [14] . Clearly, age-related effects, such as cognitive decline, endocrine changes, decreasing renal and immune function, changes in socioeconomic status, and a higher overall risk for additional comorbidities (e.g. diabetes, heart disease, etc), may work in conjunction with typical prognostic factors to modify the probability of patient survival [6, 14] . For example, some previous research indicates that complications that may be induced by certain chemotherapies (such as cardiomyopathy and acute leukemia) may be more common among older cancer patients [6, 15, 16] . Additionally, whether radiation therapy is significantly beneficial in treating adult ependymoma patients remains ambiguous, with studies providing evidence both for and against its use [8, 11] . Thus, the potential prognostic benefits of different treatment modalities, as well as the influence of other predictive factors, need to be carefully evaluated in the milieu of older age.
Because very little is known about the clinical significance of typical prognostic factors and the magnitude of their effects among older patients with ependymoma, the purpose of this study was to evaluate the associations between clinical and patient attributes and both overall and cause-specific survival among ependymoma cases at least 60 years of age at diagnosis. . From this dataset, we isolated the low-grade (ICD-O-3 code 9391) and anaplastic ependymomas (ICD-O-3 code 9392), and obtained data on tumor location, tumor histology, month/year of diagnosis, age at diagnosis, race/ethnicity, sex, therapy, vital status, cause of death, and overall survival time. We combined available treatment information from the five different variables in the SEER dataset (containing information on surgery, extent of surgery, surgery site, radiation therapy, and sequence of surgery/radiation) into composite variables. Cases with zero or missing survival time were excluded from the analyses (n = 26 among those C60 years of age).
Statistical analyses
Previous studies have implied that there is a U-shaped age distribution of worsened prognosis among ependymoma patients. Initially using SEER data on ependymoma cases of all ages, we sought to determine the age at which risk increases in older adults by modeling the effect of each additional five years of age on mortality hazard, with the youngest age group (\5 years) as the reference group. We determined the age cut point (C60 years) based on this analysis and restricted the study population to this age group for all subsequent analyses.
The distributions of population attributes were examined both overall and by tumor histology, and differences were assessed using v 2 tests. Survival probability over time was visualized with Kaplan-Meier survival curves, and the log-rank test was utilized to evaluate whether survival probability differed by characteristics of interest (a = 0.05). Using Cox proportional hazards regression, a multivariable predictive model was built with a backwards stepwise selection strategy. We considered sex, race/ethnicity, age at diagnosis, tumor location, extent of surgery, radiation therapy, and tumor histology for inclusion in the model. Both overall and cause-specific survival were evaluated. For the cause-specific survival analyses, deaths unrelated to ependymoma, as determined by the SEER cause-specific death classification variable, were considered censored. All statistical analyses were conducted in STATA version 10.0 (StataCorp, College Station, TX).
Results
A total of 2802 ependymoma cases were isolated from the full 1973-2007 SEER dataset. To determine the age at which mortality risk increases in adult ependymoma patients, we modeled the effect of each additional five years of age at diagnosis on mortality hazard using Cox proportional hazards regression, and found that ages (at diagnosis) of \60 years were protective against mortality risk, compared to being diagnosed before 5 years of age. Being at least 60 years of age conferred over four times the mortality risk of being between the ages of 18 and 59, adjusting for other relevant factors (P \ 0.001). As a result, we restricted the rest of our analyses to the 367 ependymoma cases who were C60 years of age at diagnosis.
The distributions of various population and tumor attributes, both overall and by tumor histology, are provided in Table 1 . Overall, the majority of cases were nonHispanic white and more likely to be male. There were only 19 (5.2%) anaplastic ependymoma cases. While most low-grade ependymomas were mostly located in the spinal cord, the supratentorial region of the brain was the most common site for anaplastic tumors. Individuals with anaplastic tumors were significantly less likely to undergo complete surgical resection and more likely to receive radiation therapy, compared to patients with low-grade tumors (P = 0.01 and P = 0.03, respectively).
Approximately half of the 189 total recorded deaths were ependymoma-related, according to SEER cause-specific death classifications. Kaplan-Meier survival curves provided a visualization of the crude relationships between ependymoma-specific survival over time and each of three prognostic factors: tumor site, tumor histology, and surgical margin (Fig. 1-3, respectively) . Fig. 1 clearly illustrates that individuals with supratentorial tumors had the worst ependymoma-related survival over time, whereas those with spinal cord tumors had the best prognosis over time (log-rank P \ 0.001). Additionally, patients with anaplastic tumors had worse survival over time than those with low-grade tumors (log-rank P \ 0.001, Fig. 2 ), and individuals who underwent complete surgical resection had significantly better survival than those who had less than gross total resection (log-rank P = 0.001, Fig. 3 ). Full and final models for both overall and cause-specific survival are provided in Tables 2 and 3 , respectively. Sex, race, tumor histology, and radiation therapy were not significantly associated with overall survival in the fullyadjusted model (Table 2) . Hazard ratios (HR) of significant variables (age, tumor location, and extent of surgical resection) in the final model were similar to those in the fully-adjusted model, indicating that the impact of these factors is relatively independent from that of the excluded variables. The strongest predictor of overall mortality risk, regardless of adjustment for tumor histology and other factors, was supratentorial tumor location.
The results from the cause-specific regression models are relatively similar to those from the overall survival models, with a few exceptions. While tumor histology was not a significant predictor of overall mortality hazard, having an anaplastic tumor is significantly associated with ependymoma-specific mortality hazard (HR: 2.38, 95% CI: 1.19-2.75). Another difference between the overall and cause-specific models is the magnitude of the point estimates of age and tumor location (although the 95% confidence intervals are largely overlapping). Compared to having a spinal cord tumor, having an ependymal tumor located in any of the other three sites (infratentorial, supratentorial, or other) is more strongly associated with cause-specific than overall mortality risk. However, the strongest predictor, supratentorial tumor location, is the same between both analyses.
Discussion
In this study, we examined the associations between various potential prognosticators and both overall and ependymoma-related mortality risk among a population of patients at least 60 years of age at diagnosis, using data from the SEER program. Our results suggest that age, tumor location, surgical margin, and tumor histology may be important predictors of survival among older ependymoma patients. While these attributes are established prognostic factors for many other types of cancer, their role in ependymoma prognosis continues to be controversial [7, 8, 10] and has not previously, to our knowledge, been evaluated exclusively among a subset of older patients. In our study, supratentorial tumor location was the strongest predictor of both overall and ependymoma-specific survival among patients C60 years of age. Most studies agree that spinal cord tumors confer better longterm prognoses compared to intracranial ependymomas in general, but the impact of having a tumor in the supratentorial region, rather than the infratentorial region, of the brain is less clear [8, 11, [17] [18] [19] . Some have argued that the association between supratentorial tumors and worse survival is biologically plausible because supratentorial tumors usually have higher mitotic activity than infratentorial tumors and tend to be more difficult to completely resect [8, 11, 20] . Although we adjusted for extent of surgery in our models, we cannot discount the possibility that the increased mortality hazard associated with supratentorial tumors may actually be due to the fact that only about 7% (n \ 5) of the patients with supratentorial tumors actually underwent complete surgical resection. By contrast, approximately 27% of patients with infratentorial tumors and 39% of patients with spinal cord tumors underwent gross total (or radical) resection. Therefore, the observed association between supratentorial tumor location and mortality risk may be somewhat inflated due to residual confounding by extent of surgical resection, although the low rate of surgical resection in patients with supratentorial tumors may also reflect a difference in tumor biology.
We also found that complete surgical resection was protective against overall and ependymoma-specific mortality hazard. Patients with gross total (or radical) resections had significantly better ependymoma survival over time compared to those with incomplete resections (Fig. 3) , and adjustment for tumor location, age, and tumor histology did not attenuate the magnitude of the association between surgical margin and prognosis (Table 3) . Previous studies have also indicated that gross total resection may be beneficial for ependymoma patients, both among adult and pediatric case groups [13, 17, 21, 22] . Unfortunately, it has been shown that older patients are less likely to pursue (or receive) aggressive cancer therapies [5, 23] , and yet, our analyses imply that attempts at complete surgical resection should not be dismissed without consideration. Because older individuals generally have a higher allcause mortality risk (compared to younger adults), examining predictors of cause-specific survival is especially important among older ependymoma patients. Interestingly, the final overall and ependymoma-specific models proved to be relatively similar, with the exception that tumor histology was a significant predictor of cause-specific, but not overall, mortality hazard. The cause-specific Kaplan-Meier curves illustrate the dramatic difference in ependymoma survival over time by tumor histology. However, this finding should be validated in a larger study population, because there were few anaplastic cases in this analysis and previous studies on the prognostic value of tumor histology have been fairly inconsistent [8] .
Similarly, the prognostic significance of radiation therapy has been a divisive topic in the previous literature [8, 11, 24] . Here we did not find radiation therapy to be significantly associated with overall or ependymoma-specific survival. It is possible that we did not detect a significant association due to inadequate statistical power. Regardless, extent of field and radiation dose information are not provided in SEER, which further restricts our ability to ascertain the impact of radiation therapy, especially given that the optimal dose has not yet been established [11] . Therefore, clinical trials on this topic are warranted.
Despite the use of the most robust tumor registry, the analyses presented here were limited by a small sample size, which is not unexpected given that ependymoma is a rare disease. In order to further clarify the prognostic significance of tumor site, larger future studies should attempt to evaluate the effect of supratentorial tumor location among a group of patients who have all undergone complete surgical resections. Additionally, future studies could also attempt to clarify the impact of chemotherapy among older ependymoma cases. Unfortunately, we were unable to examine this treatment factor in the current study, as information on chemotherapy use and response is not available through SEER. Furthermore, future research on older patients with ependymoma should incorporate data on common age-related comorbidities, such as diabetes and heart disease, into the model and could use such information to better assess the impact of competing risks on survival.
In the context of older age, the impact of prognostic factors could differ considerably from what is expected. Without examining the influence of these factors specifically among older patients, we would be unable to determine whether it is appropriate to generalize inferences made from studies conducted mostly among younger adults (or among all ages) to older patient populations. This is particularly problematic for studies of rare brain tumors, such as ependymomas, which often analyze adult and pediatric cases together in an effort to boost statistical power. While some studies have previously implied that tumor location, surgical margin, and tumor histology may be important prognostic determinants among ependymoma patients, others have not found these variables to be associated with ependymoma survival [7, 8, 10] . Even among the studies that have found significant associations with these factors, the magnitudes of the effect estimates, and consequently the purported importance of these variables as prognosticators, vary widely. Perhaps one reason why there is so much discordance in the literature about which factors are actually associated with ependymoma prognosis may be that pediatric, adult, and geriatric patient populations are truly heterogenous with regard to what predicts ependymoma survival over time. If so, studies that combine cases of all ages into a single analysis would be unable to provide a clear picture of the prognostic significance of such factors. Thus, by being one of the first studies to evaluate predictors of ependymoma survival specifically in an older population, our study has provided a crucial first step toward potentially uncovering the enigmatic set of factors that determine patient prognosis.
